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pjEL^OF^THEjNVENTIQN 
^ invents ««- » — ^ ^ 

• „f hi ah stress within the package. Hign stress rcg 
cracking in regions of high stress wnn f ma terials 

of a panic* «* «i» *P- "P" *• <~* tl p ula l m a t enaU S 
0 „e or m o« —on .aye, are to ^' ^ 

25 a significant increase in circuit reliability. 

BRIEFDESCRl^^ 
Hg.Usasimplifiedtopviewofadie/coreassembly, 

P ! , is a sectional side view of the die/core assembly of Fig. 1 



30 

process 



formation of a era* *. ™" * fiber re , nforc ed 

5 " C rlZ m — g a parage core having — m opp« 

ma,£nal ; 8 is an exploded view of Fig. 5 ...ustrating fiber altgnmen, within an 
, ZZ — with one embodiment of the present invents 

10 encapsulate matenal ,n accord devjce „ aving fllk ts formed 

Fie 9 is a sectional side view of a microelectronic 

theP T;«.ona,s,devie W o f am,c— 

flb er 21 encapsulate mateHa, disposed over a nr— c d,e tn 
accordance with one embod.men. of the present invenhon; ^ 

e„capsn,an, replaced by a fiber reinforced encapsulatton matenal 
20 one embodiment of the present invent.on. 

DEIA!LEQ2ESCRIEI!2S 
In lta following detailed description, reference ,s made to the accompany,^ 
« 1 show, I way of „— , ^J^^^ 
25 mvention may be practiced. These embodiments a, de n bed ^ ^ 

vano „se m hod,men,sof.he,nven,i„n,a,.houghd,fferen,,a 
esc ,us,ve. For example, a pantcu.a, feature, — or c , - 
here ,„ in connection wtth one embodiment may "^L^^ 
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i, is ,o be understood to the location or arrangement of individual elements wt.h.n 
each disclosed embodtmen. may be modifted without departing from the sptnt and 
scopeoftheinventton. The following detailed description is, therefore, notto be taken 

in a limiting sense, and the scope of the present invention is defined only by the 
5 appended c.atms, appropnate.y interpreted, along wt.„ the fuil range of equtva.ents to 
wh.ch the cla,ms are entitled, .n the drawings, l,ke numerals refer to the same or 
similar functionality throughout the several views. 

The present inventton relates to an encapsulation material having enhanced 
strength characters for use in the manufacture of microelectronic circuit devtces. 
,0 The encapsulation material includes a fibrous filler material dispersed wtthtn a 
polymeric resin base. The encapsulation matenal has fiow properties that allow ,, to 
beinjectedtntomicroelectronicpackagestructuresinarelativelystmplemanner.The 

fibers within the material provtde an enhanced reststance to cracking even in regtons 
of high mechanical stress. In one aspect of the invention, the encapsulate matertal 
15 ,s dispensed in a manner that aligns the fibets within the materia, in a direction that ,s 
perpendicular to the direction* which cracking is most likely to occur. The mventtve 
pnnciples can be used in connection with a wide vanety of different ctrcutt types and 
packagmg techniques. The tnventive pnnciples are particularly beneficial when 
implemented in connection with packagtng schemes that involve a butld up of 
20 metallization layers on a microelectronic die/core assembly. 

Fig 1 is a simplified top view of a die/core assembly 10 that represents an 
intermediate stage in the manufacture of a packaged microe.ectromc devtce. As 
.llustrated, a microelectronic die 12 is fixed withm an opening 14 in a package 
using an encapsulation material 18. Dunng package assembly, the die 12 ,s firs, 
25 positioned within the opening 14 ,n a desired orientation. A liqutd or sem,-l,,u,d 
encapsulation matena. is then flowed into the gap between the d,e ,2 and the package 
eore ,6 and allowed to harden (i.e., to cure,. The hardened encapsulation matena, .8 
serves to hold the die 12 in place within the package core 16 in a manner tha, allows 
one or more metallization layers ,0 be subsequently formed over the assembly. The 
30 package core 16 can be formed from any of a wide range of dtfferen, matena., 
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Preferably, .he matena. used for the package core , 6 w,„ be rela.tvely rigid, although 
in at leas, one embodtmen, a more flexible matenal ,. used. Some poss.ble matenals 
for ,h= core 16 include, bismaleimide triazme (BT). various resm-based ma.enals, 
flame retarding glass/epoxy materia, (e.g., FR4), polyim.de.based materials, ceramtc 
matenals, meta, materials (e.g., copper), and/or others. As shown, .he d.e 12 has a 
Plurality of bond pads 20 on an upper surface .hereof .ha, ac, as an electncal tnterface 

to the circuitry therein. 

Fig 2 is a sectional side view of the die/core assembly 10 of Ftg. As 
i,l„s,ra.ed,.hem,croe,ec.ronicdiel2isfxedwi,hin.heopenin g ,4,».hepac k agec„re 

,6 The encapsulation material ,8 fills .he gap between the die 12 and the core 16. In 
me illustrated embodiment, the encapsulation matena, 1 8 ,s made flush with the upper 
surface of the die 12. Other arrangements are also possible. The dte .2 has a 
p ass 1 va,,on,ayer22covenn g anac«ivesurface,hereof. Opentngs 24 are formed wt.htn 
the passivatton layer 22 to expose the bond pads 20 dterebelow. Fig. 3 is a Seconal 
15 side vtew of the die/core assembly 10 of Fig. 1 after firs, and second metalhzat.on 
layers 26, 28 have been formed thereon, to the ,l.us.ra.ed embodiment, an op.tona, 
interfaeial layer 30 has been developed direc.ly on the passivation layer 22. The 
tnterfacia, layer 30 includes a number of expanded bond pads 32 that are dtsposed 
above and conductively coupled to the bond pads 20 beneath the passivation layer 22. 
20 A first dte.ectnc layer 34 is deposited over .he tnterfacal layer 30. Via holes 38 are 
formed through the firs, die.ectnc layer 34 in locations corresponding to the expanded 
bond pads 32 of ,he in.erfacial layer 30. The firs, build up meta.liza.ion layer 26 ,s 
men deposited over the first dielectric layer 34. 

The first build up metallization layer 26 includes a number of conducttve traces 
25 40 that are eonduCvely coupled ,0 .he expanded bond pads 32 of .he in.erfac,a, layer 
30 through corresponding via holes 38. A second die.ectnc layer 36 ,s then depos.ted 
and viaholes are formed .herein in loeafions corresponding «o the conductive traces 40 

of .he firs, me,all,za,ion layer 26. The second build up me.a.liza.ion layer 28 ,s .hen 
de P osi,edover.heseconddielee.nc.ayer36.Asshow„,bymoun.in g ,hediel2w,«h 1 n 

30 .he package core 16, the area over which build up metal.tza.ion can be formed ,s 
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to the external contacts/leads of the package. 

th e y fo m in,eg 1 o„sofhighs«ressw,,h,n,hee„ca PS u,a„c„ m a.enan 8 . One sue * 

mey ionnuiiv & o As the encapsulation 

s t ressreg 1 onex 1 stsateachofthecomerpomtsofthed 1 el2. As the en p 

rr-— :-rr:: 

dnrine reliability testing of the packaged part. Fig. 4 is an e p 

during reliab y ^ ^ ^ ^ encapsulatl0n 

15 T.^XS- maLa, forms — - <~ 

a devastating effect on circuit integrity and can lead to electnea, failure. Thus, 
important to reduce or eliminate the occurrence of such cracks. 

reinforced encapsulat.on material is used to fx a microelectronic die 12 within 

? ,6 The fiber reinforced encapsulation materia, mc.udes a polyene 

package core 16. The titer 

u .h* is filled with a fibrous reinforcement material. 

f^.l The Dolvmeric resin can include, for example, 
cracking of the composite material. lneporymc 

■„ For example in one embodiment, a Bis-phenol F epoxy 

z ^ are - a ^ - . 

!:Lo e. ,n another embodiment, a l,o.uid epoxv mcluding B,s-phen„ - 
3 „ phenol F with amulti-pheno, as ahardener and tnpheny, phosphine (TPP) 
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U used. Other epoxy formations are also poss.ble. Other res, — can also be 

polymer), cyana.e ester based materia, (available from Honeywell), b.smale.m.de 
ased materia, (ava.lable from Dex.er/Quantum), and others. Any of the vanou 
5 materia, commonly used ,o provide underfill, dam, or fille, functtons 

materia, may a.s„ include additives (e.g., wetting agents, deflocculahng agen , 
adhestonspromoters.et^suehas.hosecornmoniyusedtnappHca.ionstnvolvtngfiUer 

materials. . r , frkt _ 

10 Thef.brousreinforcemen.matertalcantnc.udeanymateriaihavtngftbersofan 

appropriate stze and strength. This can include, for example, glass fibers cerarmc 

fL, carbon fibers (e.g., graphite), Kevla* fibers, meta, fibers (e.g., steel,, and 

others In one embodiment, fibers having a length between 5 and 40 micrometers and 

a diameter between 0, and 5 micrometers are used, although other fiber sizes are also 

15 possible. The length to wtdth ratio of the indivtdual fibers w„, typ.cally be o 
UrToformthefiberreinforcedencapsu.ationmatenal.thefibrousretnforcemen, 

materia, need o„,y be mtxed into the po,ymenc resin base mafena, in an appropnate 
ratio The ratio that ,s used (and also the type of fiber) wi„ typ.ca.ly depend upon the 

amount of strengthening that is desired ,n a particular appl.ca.ton. 
M Thefiberretnforcedencapsulationmaterialcanbedispensedinanymannertha, 

encapsulation materials are normally dispensed. ,n one approach, for example the 

s ,m,,ar device. Because the fiber reinforced matenal will typtcal.y be more vtscous 
than a conventional encapsu,a„on material, modificafions .o the d.spens.ng process 

dis ensmg heads may be re q u,red. S.mnarly, gap dtmens.ons w.th.n 

viscous composite material. 

Figs 5 and 6 illustrate a technique for dispensing fiber reinforced encapsulate 
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invention. One advantage of this technique is its ability to provide void free 
encapsulation using high.y viscous materials (e.g., ,500,000 centipoise). A package 
core 46 is provided that has an opening 48 therein to receive a microelectronic d,e 54, 
as described above. The package core 46 also includes a pair of channels 50, 52 that 
5 are in fluid communication with the opening 48. As illustrated m Fig. 6, a first 
protective film 56 is adhered to a lower surface of the package core 46 to fully cover 
the opening 48 and the channels 50, 52. In one embodiment, the first protective film 
56 ,s formed from a Kapton® polyimide film available from E.I. du Pont de Nemours 
and Company of Wilmington, Delaware. It should be appreciated, however, that the 
,0 firs, protective film 56 can be made out of any appropriate material including, for 
example, metallic film material, Preferab.y, the firs, protective film 56 wrll have a 
CTE ,ha, is the same as or similar to the CTE of the material of the package core 46. 
The adhesive is preferably a matenal ,ha, is thermally and chemically compatible wrth 
the encapsulant and the other materials of me die/eore assembly. For example, m the 
,5 ease of an epoxy based encapsulant, a hea, resistant silicone adhesive may be used. 

After the first protective film 56 has been applied, a microelectronic d,e 54 ts 
positioned within the opening 48 of the package core 46. In one approach, the upper 
surfaceofthe first protective film 56 has an adhesive material .hereon ,ha, holds ,hed,e 
54 in the appropriate position during subsequent processing. After the d,e 54 ,s m 
20 place, a second protective film 58 is adhered to an upper surface of the package core 
46 over the opening 48 and the channels 50, 52. The second protective film 58 will 
also preferably adhere to the upper surface of the die 54. The second protect™ film 
58 can be formed from the same material as the first protective film 56 or a different 
material. Holes are formed through the second protective film 58 in locations 
25 corresponding ,„ the distal ends of the channels 50, 52 for use in dispensing the 
encapsulation material. The holes can be formed cither before or after the second 
protective film 58 is applied. A dispensing needle 60 with attached sealing nipple 59 
,s placed over the hole in the protective film 58 corresponding to the firs, channel 50. 
Similarly, a vacuum needle 62 with attached sealing nipple 61 is placed over the hole 
30 in the protective film 58 corresponding to the second channel 52. The sealing mpples 
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59 61 will each preferably form a relatively air tight seal about the corresponding hole 
during the dispensing process. In an alternate approach, the needles 60, 62 are 
inserted through the holes in the second protective film 58 without the use of sorting 

nipples. 

5 As shown in Fig. 6, the dispensing needle 60 injects the fiber reinforced 

encapsulafionmatena^ 

5 the fiber reinforced encapsulation material flows through the first channel 50 toward 
the die 54 and then separates into two streams that flow around the periphery of the die 
54 The two streams eventually meet up on the other side of the die 54 and flow into 
,0 the second channel 52. The vacuum needle 62 creates a vacuum within the assembly 
that facilitates the flow of material through the assembly. The vacuum can also help 
to hold the first and second protective films 56, 58 against the die 54 during the 
dispensing process. After the fiber reinforced encapsulation material has been fully 
dispensed, the material is allowed to cure. The first and second protective films 56, 58 
1 5 are then removed. If required, the cured encapsulation material can then be plananzed 
(e g by grinding) to make it flush with the surface of the die 54 and/or the core 46. 
Preferably the cured encapsulation material will be sufficiently planar at the upper and 
lower surface of the core 46 after the protective films 56, 58 have been removed so that 
additional penalization is not required. 
20 In an alternative approach, the above described dispensing technique is 

practiced without vacuum assistance. That is, the vacuum needle 62 is not used and a 
hole is simply provided in the second protective film 58 at the end of the second 
channel 52 to allow air or other gases to escape during the dispensing process. The 
above described technique can also be performed without separate channels 50, 52 
25 within the core 46. The channels 50, 52, however, have been found to improve the flow 
of material through the assembly. In addition, if there are any defects associated with 
the needle insertion point for a particular microelectronic dev.ee, these defects will be 
located at a position that is less likely to cause harm within the completed device when 
channel are used. Because the location of needle insertion is known, traces on the first 
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bui ,d up metallizatton .aye, of ********* ^v,c= can be routed around these 
potential defect locations to improve reliability. 

The channel 50, 52 do not have ,0 be located along the stdes of the o P enmg48, 
as shown ,n Fig. 5. For example, Fig. 7 illustrates a package core 46 hav,„g channels 
5 50 52 in oppostng comers of the opening 48. This arrangement may actually be 
preferred when a vacuum assisted process is being tmplemen.ed because ,. helps 
prevent the formation of "zones of zero net flow" within the assembly. Zones of zero 
„e, flow can form when a stngle stream of encapsulation material is split mto two 
streams flowing in substan.ia.ly opposite directions or when two streams flow toward 
,0 each other and meet head on. Zones of zero net flow can result in vo.ds m the 
encapsulation material and are therefore undesirable. As described previously, 
channels 50, 52 and the opening 48 must be sized to allow a free How of the re.attve.y 
viscous fiber reinforced encapsulation matenal. In one embodiment, a trench between 
,„e die 54 and the package core 46 ,s formed fta, ts approxtmately . millimeter w,de 
15 by 1 millimeterdeep. The dimensions that are used in a particular implement— 
depend upon the restn and fiber materials that are being utilized, as well as the 
concentrattonoffiberwtthinfteresinandthethicknessofthe other elements, such as 

,he die and the substrate. Still other patterns of flow are possible and may need to be 
implemented™, for example, the case of a multi-chip modu.e with multiple dtcetobe 

20 co-embedded in the same cavity. 

Ithasbeenobservedthatthefiberswthinaflowingencapsulafonmatenalwll 

tend to align themselves with the direction of fluid flow. In the dispensing techmque 
,„„s,ra,ed in Figs. 5 and 6, this property has been taken advantage of to provrde 
enhanced strength within the encapsulation material in the regions of htghes. stress 
25 (e g a. the comers of the die 54). Fig. 8 is an exploded view of the assembly of Ftg. 
5 illustrating this feature. As shown, the fibers 64 within the encapsulation matena, 
a,ign,hemselvesabou.thepen P heryof«hedie54i„«hedirecti„n„fnuid flow. Thus, 

a, the comers of the dte 54, the fibers 64 are onented ,n a manner that will rests, the 
formation of cracks «ha< radiate outward ftom the comer (such as crack 44 of F,g. 4). 
30 ThtsdispensingtechniquecanbeusedrnanyareawherecracksarelikelytoformCe., 
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hig h stress areas, by arranging «He Huid now of the fiber rented —ion 
rlna, .o be approxima.ely perpend.cular ,o .He an,ic,pa,ed dtrecon of 

^The fiber reinforced encapsula.ion materta, of ,he present invenuon has many 
5 Cher app,ica«io„s re.a.ed to the fabncation of microelectromc dev.ces. For — 

as she! ,n F,g. 9, .He fiber forced encapsulation -naUan be nse . ™ 

f,„e,s 64 about a nucrodectronic die 66 that ,s mounted on a substrate 68, to ,n reas 
Lctura, ,n,e g n,y of the assembly. As the vtscosuy of the fiber remforc«» 

lapsulanon ma,ena, wil! « be re,at,ve, y h, g h, may no, be appropriate f 
10 seLu„derfi 1 , m a,ena 1 for,hedie66Thus,acon— — 

u„derfi Um a,ena,70ca„beused.ofiUthere g i„nsabou«,becon,a Ct s72o f ,be^ 

As shown in Fig. .0, the fiber reinforced encapsuiation nratena, can also be «d » 
to t opappUca,ions,oforrna gl ob„ 1 e 7 4ofencapsuUn,overa m ,croe 1 eetro„,cd,e * 

.n ye, another apphcation, a fiber reinforced encapsuiation materta, ,s sed 
15 w,«hinaTessera«pBO A . W epaeU g e.Pi g .n, S asec tl ona 1 s 1 deview.„u^ 

a portton of a m.croelectronic device 100 having such a package. The TesseraO 
uB0 A. is a pacing scheme tha, utilizes compliant materia, ,0 overcome m ^o 
L reHab,li. y problems often assocta.ed with CTE m.sma.ch withm mtcroeiec, on, 
Ices lnaZ,ca,uBGA.proces S ,a fl ex,b,ec,rcui,board80(e.,,po, y ,m,de,ape 

20 ItbondedToacarHerfiame. Mu„,p,e m— c d.ce « are th— 
t0 a firs, side of the fiex.ble circu,, board 80 in predetermmed locanons. The flex,b> 

on the firs, side .hereof in each of the die locations to provtde a comphan, bufc 
,weeneachdie82andt ll eflex i b,eboard 8 0. After the d,ce 8 2 have been a,,ache to 

25 h fiex,b,e board SO, a bonder too, is used to connect a bond nbbon 86 from each of 
reLpads88of,hed,ceS2,„,beflexiblecircu,,board80.T y p,cany,,h,sr,bbon 

b on din g Lonefr„masecondsideof,hefiex,blec,rcu„board80(i.e.,as,deoppos,te 

the firs, side) through openings 90 in the board 80. 

An encapsulation mask ,s ,hen applied ,o the second stde of the fiex.We crcu 
30 board 80 ,0 cover the opemngs 90. An encapsulation matenal ,4 ,s then dispensed 
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about and between each die 82 on ,he firs, side of the flexible circuit board 80 to 
surr0 und each die 82 and its correspond bond ribbons 86. The encapsulation 
ma ,ena, 94 sohdtfies «o form a protective barrter about the bond nbbons 86 and the 
dice 82 that enhances the structural integrity of the assemb.y. Solder ba.,s 92, or other 
5 contact structures, are then attached m pred—d locations on the second stde of 
the fiexible circutt board 80 to provide an externa, electnca. interface to the crcuttry 
of the die 82. The solder balls 92 are each conductively coupled to a correspond^ 
bond pad 88 on the associated die 82 through one of the bond ribbons 86. The enure 
assembly tsthendiv-deduptntoapluralttyofindtvidualpackageddiccsuchasthedte 

10 lOOofFig. 11. ,,.„ 
in a conventional uBGA® process, an elastomenc encapsulation matenal (e.g., 

S1 „c„„e rubber) is used to give the rntcroelectronic device better res.stanceto 
mechanical stresses caused by, for example, CTE mismatches, m accordance wtth a 
.eastoneembodimentofmepresentinvention.aftberreinforcedencapsu.ationma.enal 

15 94 is used wtthtn a uBGA®-like packaging process to form microelectronic devrces. 
The fiber reinforcement of the encapsulation material 94 provides the toughness 
reouiredbythe^BGA.stylepackagewt.houtthereliabilityconcemsoftenassocta.ed 

with elastomeric =ncapsu.a,io„ materials. In a, leas, one approach, a fiber reinforced 
encapsulation materia, is dispensed within a uBGAWike packaging process usmg a 
20 vacuum assisted dispensing technique, such as the one described previously. 

Although Figs. 1-1 1 illustrate various views and embodiments of the present 
invention, these figures are no, mean, ,o portray microelectronic assemblies ,„ prectse 
detatl. For example, ,hese figures are not typrcal.y ,0 scale. Rathe,, the figures 
Ulustrate microe.eCronic assemblies in a manner that ,s believed ,0 more c.early 
25 convey the concepts of the present invention. 

Although the present invention has been described in conjunction w,.h certatn 
embodtments, i, is to be understood tha, modtfications and variations may be resorted 
to wtthout departing from the sp.nt and scope of the mvention as those skt.led m he 
art readily understand. Such modifications and vanations are considered ,0 be wtthm 
30 ,he purview and scope of the tnvention and the appended cla.ms. 
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